Aim of the study: The purpose is to evaluate the relationship between hypoalbuminemia, hyperlipidemia, nephrotic and renal severity in patients with lupus nephritis.
Introduction
Lupus nephritis (LN) is manifested in about 40-90% of all systemic lupus erythematosus (SLE) patients, and is associated with significant morbidity and a poor prognosis [1, 2] . Double-stranded DNA (dsDNA), nucleosome, histone, as well as more complex antigenic structures resulting from the assembly of histone and non-histone proteins with DNA [3] are recognized by both cellular and humoral constituents of the immune system in SLE patients with and without LN [4] [5] [6] . In active lupus renal disease, both the classic and the alternate pathways of the complement cascade are activated, and serum levels of C3 and C4 are often depressed [7, 8] . Moreover, the diverse renal pathologic findings in SLE present with a range of clinical renal syndromes, such as asymptomatic hematuria/proteinuria, nephrotic syndrome (NS), or nephritic syndrome. This may be accompanied by varying degrees of hypertension and renal dysfunction [9, 10] . Furthermore, higher creatinine, low complement levels, thrombocytopenia, anemia, hypertension, and proliferative glomerulonephritis are predictors of end-stage renal disease (ESRD) in LN within multiethnic cohorts [11] [12] [13] .
The general characteristics of nephrotic syndrome, including heavy proteinuria, hypoalbuminemia, hyperlipidemia and edema, are well recognized. In patients with LN, the NS is generally associated with diffuse (WHO class IV) or membranous glomerulonephritis (WHO class V) [14] . Several reports showed that presence of nephrotic-range proteinuria is associated with poor renal outcomes [9, 11] . Furthermore, to determine whether an elevated serum total cholesterol level in a first-available sample obtained at a SLE clinic is associated with worse renal outcome and mortality in patients with SLE [11, 15] . Serum albumin reflects disease activity in SLE patients with nephritis [16] . Giv-en this background, we hypothesized that nephrotic-range proteinuria, elevated total cholesterol level and decreased serum albumin levels may reflect the activity and severity of renal damage in patients with LN. Up to date, however, there have been no previous reports on the relationship between hypoalbuminemia, hyperlipidemia, nephrotic syndrome and exacerbation of renal disease with SLE in China or available data from a large cohort of lupus nephritis with SLE from previous studies due to its rarity.
Including 429 LN patients, of which 214 were diagnosed with nephrotic syndrome, this large retrospective study aimed to analyze the clinical and pathological features and outcome of LN patients who had nephrotic syndrome with those who did not, and to investigate the association between the different pathologic phenotypes and the specific clinical manifestations of the nephrotic syndrome in a single center. Furthermore, major focus of the present research was to find nephrotic-range proteinuria, elevated total cholesterol level and decreased serum albumin levels may reflect the activity and severity of renal damage in LN patients, and the LN patients with NS are more likely to have poor renal outcome.
Material and methods

Patients
In this single-center retrospective study, 429 lupus patients with nephritis, diagnosed from 2002 to 2011 in Harbin Medical University First Hospital, were enrolled. All the patients fulfilled the 1997 American College of Rheumatology revised criteria for SLE [17] . The clinical and pathological data of the patients were retrospectively analyzed. Patients were divided into two groups based on the presence (the NS group) or absence (the non-NS group) of nephrotic syndrome. There were 214 lupus patients (192 females, 23 males; median 34 years, inter-quartile range 10-74 years) with evidence of nephrotic syndrome at baseline, defined as proteinuria, with protein ≥ 3.5 g/24 h, serum albumin level ≤ 30 g/l, and edema. The second group consisted of 215 lupus patients (201 females, 13 males; median 35 years, inter-quartile range 10-80 years) without clear evidence of nephrotic syndrome. No significant differences were found between the groups for the gender and age. The research was in compliance with the Declaration of Helsinki and approved by the ethics committee of Harbin Medical University First Hospital. Informed consent was obtained from each patient.
Laboratory and serological measures
24-hour urine protein excretion was measured by an immunoturbidimetry. Serum albumin (Alb), serum total cholesterol (TChol), serum total triglyceride (TG), serum creatinine (Scr) and blood urea nitrogen (BUN) concentration was determined by an automatic analyzer. In addition, autoantibodies were detected by the European Union immunoblot assay for all patients. Complement factor 3 (C3, normal range, 0.88 to 2.01 g/l) and complement factor 4 (C4, normal range, 0.10 to 0.47g/l) were determined by nephelometry.
Renal histopathology
Renal biopsy was performed in 150 of the 429 lupus patients with nephritis (75 NS and 75 non-NS patients). Renal specimens were evaluated using light and electron microscopy and direct immunofluorescence. For light microscopy, paraffin sections were stained with silver, periodic acid-Schiff, hematoxylin & eosin and trichrome and were forwarded to two pathologists. Renal histopathology was classified according to the World Health Organization and International Society of Nephrology/Renal Pathology Society as follows: 16 patients had class I lesions, 76 patients had class II lesions, 7 had class III lesions, 48 had class IV lesions, 30 had class V lesions and one patient had class VI lesions [18] .
Pathological parameters such as the activity index (AI) and chronicity index (CI) were approached using a modification of the criteria proposed [19] . Activity index includes endocapillary hypercellularity, leukocyte infiltration, cellular crescents, karyorrhexis, fibrinoid necrosis, formation of wire-loop and interstitial inflammatory cell infiltration. CI includes glomerular sclerosis, fibrous crescents and interstitial fibrosis. Differences in scoring between the two pathologists were resolved by re-reviewing the biopsies and coming to a consensus.
Renal treatment and outcome measures
The patients were treated in accordance with clinical routine for LN [20] . The mainstay of induced therapy was prednisone (1 mg/kg per day) combined with cyclophosphamide (Cyc, 0.75 g/m 2 per month). Patients with severe necrotizing crescentic glomerulonephritis and diffuse pulmonary alveolar hemorrhage were also treated with methylprednisone (MP, 7-15 mg/kg per day, 3 days) pulse therapy. For maintenance therapy, a low dose of prednisone combined with immunosuppressive drugs such as azathioprine and mycophenolate mofetil were administered.
The remission of LN includes complete remission and partial remission. Complete remission was defined as urinary protein excretion < 0.3 g/day, normal urinary sediment (red blood cell < 3/HP, white blood cell < 5/HP), normal serum albumin and normal renal function. Partial remission was defined as having any one of the following items: decrease of Scr to < 130 µmol/l for patients with a baseline Scr level ≥ 130 µmol/l but ≤ 260 µmol/l; decrease of Scr by > 50% for patients with a baseline Scr level > 260 µmol/l; decrease of urinary protein excretion by > 50% and < 3.0 g/day, with a serum albumin level ≥ 30 g/l and stable renal function. A poor renal outcome was defined as doubling Scr values for a period of at least six months, with a minimum value of Scr of 176.8 µmol/l. Renal relapse is doubling of the lowest Scr observed so far and/or developing either NS while the lowest proteinuria had been < 2.0 g/day repeatedly, or proteinuria > 1.5 g/day without other causes in a patient who does not have proteinuria.
Statistical analyses
Differences of quantitative parameters between groups were assessed using the non-parametric test. Differences of qualitative data were compared using the χ 2 test or Fisher exact test. The odds ratio (OR) was calculated for assessing the risk of appearance of each variable. A lower limit of the 95% confidence interval (CI) that exceeded 1.0 was taken to indicate statistical significance in the case of positive association and an upper limit lower than 1.0 in the case of negative association. The Spearman Correlation was used to analyze correlation. Analysis was performed with statistical software GraphPad Prism (version 5.0; GraphPad Software, Inc., San Diego, CA, USA). P < 0.05 is considered statistically significant.
Results
The nephrotic syndrome patients suffered more severe renal disease damage than non-nephrotic syndrome patients
To study the clinical characteristics of NS, the groups of NS (n = 214) and non-NS (n = 215) patients in the total of 429 LN patients were compared with respect to related clinical and serological parameters. First of all, the age and gender distribution was balanced between NS and non-NS groups ( Table 1 ). The average levels of 24-hour urine protein excretion, urinary RBC, Scr and BUN was significantly higher in NS patients than those in non-NS patients (p < 0.001 for all comparisons), while the average levels of platelet (PLT), hemoglobin (HB), serum C3 and C4 were significantly lower in the NS group than those in the non-NS group (p < 0.0001 for all comparisons) ( Table 1) . No significant association was found between NS and other laboratory parameters ( Table 1) . Table 2 summarizes the findings of the autoantibody profile in LN patients with/out NS. Significantly, prevalence of three out of the sixteen routinely tested antibodies in our center was observed in LN patients with NS as compared to those without NS. Of the 214 patients with NS, 73.83% (158) of anti-dsDNA (OR = 2.848, p < 0.0001), 67.29% (144) of anti-nucleosome (OR = 2.699, p < 0.0001) and 59.81% (128) of anti-histone (OR = = 2.276, p < 0.0001) were positive. Positive rates of other tested autoantibodies such as anti-RNP, anti-Ro, anti-Sm and anti-centromere were not associated with NS in this group. Furthermore, the positive rates among the respec- Table 2 ).
Prevalence of three autoantibody reactivity in lupus nephritis patients with nephrotic syndrome
Hypercholesterolemia and hypoproteinemia may reflect the activity and severity of renal damage in lupus nephritis patients with nephrotic syndrome
We further analyzed the clinical relevance of hypercholesterolemia and hypoproteinemia as a marker of the activity and severity of renal damage in 214 NS patients. Among these patients, hypercholesterolemia was significantly correlated with higher levels of proteinuria (p < 0.0001), Scr (p = 0.0330), BUN (p = 0.0021) and serum TG (p < 0.0001), while we also found that there was a significant correlation between hypercholesterolemia and lower levels of serum albumin (p < 0.0001) and C4 (p = 0.0449) ( Table 3 ). However, no significant association was found between hypercholesterolemia and other laboratory parameters (Table 3) . On the other hand, patients with serum albumin levels ≤ 20 g/l were younger (p = 0.0151) than patients with serum albumin levels > 20 g/l. Furthermore, we also found that there was a strong positive correlation between serum albumin levels and higher levels of proteinuria (p < 0.0001), serum TChol (p < 0.0001) and TG (p = 0.0007) ( Table 4 ).
The nephrotic syndrome tended to suffer from/ be presented/related with diffuse proliferative or membranous glomerulonephritis in lupus nephritis patients Analysis of the histological classification of NS revealed a higher frequency of diffuse proliferative glomerulonephritis (class IV) (69.05% vs. 34.94%, p = 0.0005) and membranous lesions (class V) (68.00% vs. 34.94%, p = = 0.0030) compared to non-diffuse proliferative renal lesions (class I + II + III), respectively in the same patient group. There was no significant difference between class IV and class V (69.05% vs. 68.00%, p = 1.0000) (Fig. 1A) . On the other hand, the prevalence of hypercholesterolemia in patients with diffuse proliferative renal lesions (class IV) was significantly higher than that in patients with (Fig. 1B) , while the prevalence of serum albumin levels ≤ 20 g/l in patients with membranous lesions (class V) was significantly higher than that in patients with non-diffuse proliferative lesions (class I + II + III, 64.71% vs. 17.24%, p = 0.0003) and diffuse proliferative renal lesions (class IV, 64.71% vs. 31.03%, p = 0.0348) (Fig. 1C) .
For the pathological features, we found that average AI (p = 0.0001) and CI (p = 0.0036) scores in LN patients with NS were significantly higher than in non-NS patients (Table 1) . Meanwhile, we found that LN patients with NS presented with a distinguished high incidence of crescent (36.00% vs. 8%, p < 0.0001), tubular atrophy (60.00% vs. 38.00%, p = 0.0003) and interstitial fibrosis (62.67% vs. 41.33%, p = 0.0140) ( Table 5 ). On the other hand, there was no significant difference in the occurrence of segmental necrosis, wire-loops, glomerulosclerosis and vascular lesion between the two groups. Significantly, we also found that there was a strong positive correlation between the levels of proteinuria and AI (r = 0.3495, p < 0.0001) and CI (r = 0.3568, p < 0.0001) (Figs. 2A and 2B). A negative correlation was found between the levels of serum albumin and AI (r = -0.3719, p < 0.0001) and CI (r = -0.3005, p = 0.0002) (Figs. 2C and 2D ).
The NS patients had worse outcomes than nonnephrotic syndrome within the lupus nephritis patient group
General treatment protocols were comparable between NS and non-NS patients in the LN group of patients. Of the 429 LN patients, a total of 35 patients, including 11 NS and 24 non-NS patients, were treated with oral corticosteroids alone (p = 0.0330). Comparably, 167 of 215 non-NS patients and 179 of 214 NS patients received corticosteroids combined with cyclophosphamide (p = 0.1423). However, a significant difference was obtained between the two patient groups who had to take intravenous methylprednisolone pulse therapy (82/214 for NS vs. 36/215 for non-NS patients, p < 0.0001, Table 6 ). Furthermore, the total remission rate including both partial and complete remission in NS patients was significantly lower than that in non-NS patients based on a mean follow-up time of 13 months (range 10 to 14 months; 76.64% vs. 90.23%, p = 0.0245, Table 6 ). Notably, NS patients tended to have worse renal disease outcome than non-NS, as defined by doubling the serum creatinine value for a period of at least 6 months, with a minimum value of serum creatinine of 176.8 µmol/l (6.98% vs. 2.79%, p = 0.0461). In addition, at their respective last observations before they were dis- charged from the hospital, NS patients had a significantly higher average level of proteinuria (1.05 vs. 0.26 g/24 h, p < 0.0001) than non-NS patients. For the total of 429 LN patients, although respective rates of the worst disease outcome including mortality and ESRD (progression to end-stage renal disease) were not significantly different between NS and non-NS groups (Table 6) , after a mean follow-up time of 25 months (range 22 to 27 months) post-treatment, the recurrence rate in the NS group was significantly higher than that in the non-NS group (50.58% vs. 33.96%, p = 0.0027).
Discussion
In this study, we retrospectively analyzed the clinical feature and outcome of 429 LN patients. Prevalence of anti-dsDNA, anti-nucleosome and anti-histone positivity was more common in LN patients with nephrotic syndrome (NS), with very high specificity. Notably, serum total cholesterol and albumin levels are associated with the activity and severity of renal damage in LN patients with NS. The kidney biopsy showed that more than 50% was nephrotic syndrome in diffuse proliferative renal lesions (class IV) and membranous lesions (class V). Furthermore, proteinuria and serum albumin levels have a strong positive correlation with AI and CI in LN patients with NS. Finally, LN patients with NS had significantly worse renal disease outcomes, lower remission and higher recurrence rates than patients without NS during a long-term follow-up.
The current study first analyzed differences of demographic and clinical features between the NS and non-NS patients. Our findings have shown that 214 (49.88%) patients had nephrotic syndrome, which was different from the previous reports [21, 22] . The differing prevalence of nephrotic syndrome among the different populations studied might reflect the relative frequency of class IV and class V among each population. Furthermore, it was found that LN patients with NS had a significantly higher level of urinary RBC, Scr and BUN, and had a lower level of PLT, HB, serum C3 and C4 than those in non-NS patients. More importantly, the distribution of pathological types is largely different between NS and non-NS patients with LN. Patients with NS had a higher proportion of diffuse proliferative renal lesions (class IV) and membranous lesions (class V) and a lower proportion of non-diffuse proliferative renal lesions (class I + II + III), in accordance with previous studies [14] . However, this was different from the results found in a study by Williams et al. [23] . Williams et al. reported that nephrotic range proteinuria was most common in classes III and IV. The discrepancy of positive prevalence might be explained by various subjects enrolled from different races. Therefore, the selection bias could not be excluded.
It was reported that over 150 autoantibodies [24] had been identified in sera of patients with SLE; however, only a few of them were associated with the development of LN. Our findings have shown that serum anti-dsDNA, anti-nucleosome and anti-histone positivity was more common in LN patients with NS, with very high specificity. This is consistent with most of the previously described reports but did have any different prevalence [25] [26] [27] . The discrepancy of positive prevalence might be explained by various subjects enrolled from different races, and different assays used to detect these antibodies. Notably, previously reports have indicated only that the prevalence of these autoantibodies was higher in LN, but the difference between the NS and non-NS patients The most important finding in this study was the association between serum total cholesterol levels and albumin and the activity and severity of renal damage in LN patients with NS. In this study, the total cholesterol level was associated with proteinuria, Scr, serum albumin levels, serum triglyceride and C4, in accordance with previous studies [11, 15] . Indeed, hyperlipidemia can affect the renal function, increase proteinuria and speed up glomerulosclerosis, thus determining a higher risk of progression to dialysis. Furthermore, the persistent proteinuria and dyslipidemia are the major factors for chronic kidney disease progression in SLE patients with renal involvement. In addition, several factors may affect the serum albumin level. However, in our study, all patients had a BMI > 18 and therefore a low serum albumin level due to malnutrition was unlikely. Furthermore, LN may lead to nephrotic range proteinuria, which in turn lowers serum albumin levels. This rationale has prompted clinicians to use serum albumin to indirectly assess activity of LN and conduct its therapy. Yip et al. demonstrated that serum albumin is inversely associated with SLE disease activity and this association was stronger in those with LN and especially in those with proteinuria 16]. Our results support this but we also found that patients with hypoalbuminemia (≤ 20 g/l) were significantly younger, and had a higher level of proteinuria, urinary RBC, serum total cholesterol and triglyceride than those without hypoalbuminemia (> 20 g/l). More importantly, this is the first report demonstrating that the prevalence of hypercholesterolemia in patients with diffuse proliferative renal lesions (class IV) was significantly higher, meanwhile the prevalence of hypoalbuminemia (≤ 20 g/l) in patients with membranous lesions (class V) was significantly lower/ higher. In addition, our findings have shown that the serum albumin level was more significantly associated with AI and CI in LN patients with NS. At the same time, we also found that the LN patients with NS presented with a distinguished high incidence of crescent, tubular atrophy and interstitial fibrosis. There are findings to indicate that an elevated serum total cholesterol level and depressed serum albumin levels may reflect the activity and severity of renal damage.
Our data demonstrated that the renal injury in patients with LN seemed to be a more "fulminant" process in NS patients than that in non-NS ones. A number of studies have also reported that nephritic flares were significantly associated with a poor renal outcome [9, 28] . Results of our study support this finding and also detected a correlation between outcome and nephrotic syndrome. Our study further found a correlation between nephrotic syndrome and the plasma creatinine, as well as proteinuria in the last observation of the LN patients with NS. Moreover, the present study indicated that the nephrotic syndrome is significantly related with reduced remission, increased recurrence rates and poor outcome of renal disease in LN patients, and it is consistent with a previous study [9] . The mortality rates and ESRD rates showed no significant difference between the two subgroups of patients, which contradicts previous studies [11, 29] . The reasons for the discrepancies across studies are multifactorial, including differences in study design, ethnicity, baseline clinical characteristics and renal parameters, as well as treatment protocols employed. The resulting probability of a poor renal outcome was found to be higher for LN patients with NS.
Finally, it is worth pointing out that this study has several limitations. First, it has inherent flaws of a retrospective study. Only associations can be made by using statistical techniques. Second, the expertise of different clinicians involved in the treatment of these patients differed and this could have an impact on the outcome. Nevertheless, we are convinced that the results obtained provide useful indications that could be further explored in a prospective study on the significance of nephrotic syndrome in LN.
Conclusions
In summary, the LN patients with NS have a higher proportion of diffuse proliferative renal lesions (class IV) and membranous lesions (class V), serum anti-dsD-NA, anti-nucleosome and anti-histone positivity are more common in LN patients with NS. Furthermore, serum total cholesterol and albumin levels are associated with the activity and severity of renal damage in LN patients with NS. Our study also confirmed that the incidence of a poor renal outcome is significantly increased in LN patients with NS. Therefore, our data suggest the ability of the nephrotic-range proteinuria, elevated total cholesterol level and decreased serum albumin levels to predict renal disease activity, may lead to a major additional benefit in the follow-up of these patients.
